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INTRODUCTION
Olive knot, caused by the bacterium Pseudomonas savastanoi pv. savastanoi (PSS) is a common and a limiting disease in many olive-producing areas (Young, 2004). The disease is manifested by the production of tumorous woody outgrowths, 2-10 cm in diameter, that are mostly formed on young stems as well as on branches and twigs. The leaves and fruits are rarely infected, but they usually harbour the bacteria on the surface as residents (Sisto et al., 2004) . Olive knot disease is considered an important problem for olive crops because of its effect on vegetative growth (decline of branch and shoots, death of small branches and twigs), olive yield, and even possibly on olive oil quality through inferior organoleptic characteristics such as an unpleasant smell and a bitter, rancid taste (Godena et al., 2012). The better characterized virulence factors in tumor-inducing isolates of P. savastanoi pv. savastanoi are the phytohormones indole acetic acid (IAA) and cytokinins (Surico et al., 1985) . In this study, we aimed to: 1) assess in vitro efficiency of 18 antagonistic bacteria as biocontrol agents against two Pseudomonas savastanoi pv. savastanois strains, causal agents of olive knot in Morocco; 2) investigate theirs mechanisms on solid media such as protease, cellulase and amylase activities as well as siderophores and IAA production, 3) conduct in planta experiment under greenhouse, then confirm this antagonistic activity of selected bacterium (Bacillus subtilis (2515-1) as effective biocontrol agent against PSS 2102-4 and PSS 2064-8 virulent strains of Pseudomonas savastavoi pv. savastanoi (PSS).
MATERIAL AND METHODS

Inoculum Preparation
Two strains of Pseudomonas savastanoi pv. savastanoi (PSS 2102-4 and PSS 2064-8) were used in this study, isolated from knot of symptomatic trees in Meknes and Taounat (Morocco) and sub-cultured on King B medium (20 g proteose peptone; 1.5 g MgSO4; 1.5 g K2HPO4; 10 ml glycerol; 20 g agar; distilled water to 1.0 liter) (King et al., 1954). Bacteria were inoculated on media using inundation method from preserved strains. After incubation for 48 h, suspensions were prepared aseptically in sterile distilled water and their concentrations were adjusted (10 8 CFU/ml) by spectrophotometer (UV-mini 
In vitro antagonism
In vitro antagonism to evaluate the effects of the 18 antagonistic strains against PSS 2102-4 was carried out using disk agar diffusion method (Habbadi et al., 2017). Briefly, the bacterial suspension of PSS 2102-4 strain with a cell density of 10 8 CFU/ml was prepared and spread on YPGA medium (5 g yeast extract; 5 g bacto peptone; 10 g glucose; 20 g agar; distilled water to 1 liter). Excess of suspension was eliminated and the Petri dishes were dried aseptically for 15 min. disks of paper containing fresh antagonistic strains were placed on Petri dishes and incubated at 25°C for 24 h. Streptomycin was involved as a positive control to compare its effect with bio-agents. The Antagonistic activity was indicated by a clear zone of inhibition around the antagonistic strains. All halo diameters were expressed in millimeters to compare the performance of these antagonists.
Production of enzymes and secondary metabolites
Phosphorus solubilization
The phosphorus-solubilizing activity of the antagonistic strains was assessed on Pikovskaya (PVK) medium (Pikovskaya, 1948) which contains 10 g glucose; 5 g Ca3 (PO4)2; 0.5 g (NH4)2SO4; 0.2 g NaCl; 0.1 g MgSO47H2O; 0.2 g KCl; 0.5 g yeast extract; 0.002 g MnSO4H2O; and 0.002 g FeSO47H2O, 15 g agar; distilled water to 1 liter). Inoculated plates, by spot method (Boudyach et al., 2001) were incubated at 27°C for 7 days and observed for halo formation. The development of a clear zone around the spot indicates the effectiveness of bacterial antagonist. The solubilization index (SI) of such antagonists was calculated using the formula of Premono et al., (1996): SI = (colony diameter + Halo zone diameter))/colony diameter.
Siderophores production
Universal method for siderophores production using CAS medium was carried out (Schwyn and Neilands, 1987), although only as a means to reveal changes, without the presence of nutrients. The medium for one Liter of overlay was as follows: Chrome azurol S (CAS) 60.5 mg, hexadecyltrimetyl ammonium bromide (HDTMA) 72.9 mg, Piperazine-1, 4-bis (2-ethanesulfonic acid) (PIPES) 30.24 g, and 1 mM FeCl3·6H2O in 10 mM HCl 10 mL. Agarose (0.9%, w/v) was used as gelling agent. Overlays of this medium were applied over agar plates containing cultivated strains to be tested for siderophore production. After a maximum period of 15 min, colour changes was observed in the overlaid medium, exclusively surrounding producer strains, from blue to purple (siderophores of the catechol type) or from blue to orange (siderophores of the hydroxamates type). Colony diameter and halo formation were each measured after 1 h (Schwyn and Neilands, 1987).
Indole Acetic Acid Production
Production of IAA was tested on Czapek medium (Tsavkelova et al., 2007) containing 20g Glucose; 1g K2HPO4; 0.5 g MgSO4; 0.5 g yeast extract; 0.1 NaNO3; 0.5g FeSO4; 20 µl. Freshly grown cultures were inoculated into 10 ml Czapek medium to which tryptophan had been added (1g/L) in each test tube and incubated at 30°C for 72 h. 4ml of culture was removed from each test tube and centrifuged at 10.000 r/min for 15 min. An aliquot of 1 ml of supernatant was added to 2 ml of Salkowski reagent comprising of (1 ml of 0.5 M FeCl3 in 50 ml of 35% HCIO4). The mixture was incubated at room temperature for 25 minutes. The absorbance of the pink solution from each isolate was measured and recorded at 530 nm using spectrophotometer (Tsavkelova et al., 2007).
Cellulase activity
Antagonistic bacteria were cultured on CMC plate (0.001% MgSO4, 0.005% KH2PO4, 0.001% CaCl2, 0.6% NaCl, 0.2% (NH4)2SO4, 0.2% K2HPO4, 0.1% yeast extract, 0.5% CMC and 1.5% agar in 1 Liter of distilled water. After growth at 28ºC for 14 h, cellulase activity of the strains was assayed by checking their ability to form halos detected by Congo red staining (Lin et al., 2009).
Lipase, Protease and α-amylase activities
Extracellular lipase-producing microorganisms were evaluated on differential medium containing; olive oil 20 ml, peptone 3g, yeast extract 2g, K2HPO4 2g, MgSO4 1g, Na2CO3 1g, agar 20g, and rhodamine B 0.01g in 1 Liter of distilled water (Lin et al., 2009). Extracellular protease production was carried out using specific medium containing; 5 g meat peptone; 3 g yeast extract; 10 g skimmed milk powder; and 12 g agar in 1 liter of distilled water. Finally, on the same medium exempt the skimmed milk, where was substituted by cassava starch, extracellular amylase production was detected (Sharma and Singh, 2015). All cultures were incubated at 30 ∘ C for 72 h. If the inoculated bacterium secretes these enzymes, a clear zone of hydrolysis is observed around the inoculant. The relative protease, amylase and lipase activities were calculated by the given formula ( 
Statistical analysis
Data were subjected to analysis of variance using SPSS software (version 21; http://www.spss.com). Means of values among the treatments were compared by Dunnett multiple test at the 5% (P = 0.05) level of significance.
RESULTS AND DISCUSSION
In vitro antagonism tests
Eighteen antagonists limited the growth of pathogen strain PSS 2102-4. Results described in Figures (1; 2) showed that B. subtilis strain (2515-1) was the most effective bacterium with a higher inhibition zone of 23 mm which was near to streptomycin effect (positive control) (Figure 2) For the other antagonistic strains, the halo diameters ranged from 8 to 21 mm. B. subtilis strains (2515-2 and 2515-3) did not exert the similar antagonistic effect. Their corresponding diameters were 21 and 20 mm respectively. E. ludwiqii (2546-4) had an inhibition zone of 21 mm against PSS 2102-4 (Figure 2) . However, R. aquatilis (2332-A) did not exceed 20 mm against PSS 2102-4 (Figure 2) . The other strains have showed an inhibition zones less than 20 mm. 
Production of enzymes and secondary metabolites by antagonistic agents
Results presented in Tab 2 and Figure 3 showed that tested antagonistic bacteria produced all extracellular enzymes as well as siderophore and IAA metabolites. B. subtilis 2515-1 was able to release siderophores, soluble phosphorus, IAA, cellulase, protease, and amylase on specific media. Other bacteria, including E. ludwiqii (25464), A. calcoaceticus (2328-B5), P. agglomerans (2066-7) and B. cereus (2015-1) were only effective for production of some metabolites or enzymes. R. aquatilis (2332-A) was the most efficient strain with a higher siderophore index of 2.2 and IAA content (15.06 µg/ml). The highest index of phosphorus solubilization was detected from R. aquatilis 2332-A and B. cereus 2021-2 (2.7). For cellulase activity, B. cereus 2015-1 was the most effective; its relative activity was 3.1. E. ludwiqii 2546-4 showed a highest activity of protease (index of 4.00). Finally, all bacterial strains did not show lipase activity. 
In planta experiments
The choice of B. subtilis 2515-1 as biocontrol agent for in planta experiments was based on their ability to suppress the plant pathogens and produce effective enzymes involved in PSS control on solid media. Sixty days after inoculation of trees with PSS 2064-8 and PSS 2102-4, typical knots appeared at the inoculated sites (Figure 4) . These pathogen strains developed knots weighting between 0.66 to 0.85 and 0.49 to 0.70g respectively. Inoculations with B. subtilis 2515-1 have decreased the knot weight compared with copper sulphate as chemical treatment (Figure 5 ). Knot weight was reduced with 92.88 % using B. subtilis strain 2515-1 and only with 86.93% using copper sulphate against PSS 2064-8 (Figure 6 ). In the other hand, when the antagonistic 2515-1 strain was inoculated with pathogen strain of PSS 2102-4, knot weight reduction was only 50% compared with copper sulphate (37. 5%) (Figure 5 ).The highest reduction of knot weight was found by B. subtilis 2515-1 (95. 60%) using pathogen strain PSS 2102-4 (Figure 6 ). Analysis of variance of the average weight of knots (Dunnett test) showed significant differences between antagonistic B. subtilis 2515-1 and infected plants (PSS 2102 -4 or PSS 2064 . No significant differences were found between copper treatment and treatment with antagonistic B. subtilis 2515-1; their effectiveness was similar against pathogen strains (PSS 2102 -4 or PSS 2064 . Indeed, siderophores produced by a microorganism can bind iron with high specificity and affinity, making the iron unavailable for pathogens, and thereby limiting their growth. This strategy may certainly be involved in the biological control of plant diseases (De Boer et al., 2003) . Therefore, siderophoreproducing microorganisms may have promise as biological control agents. This approach of control can potentially help us to limit or reduce the use of chemical products that are harmful to the environment and health. Bacillus spp. were studied as biocontrol agents toward Fusarium wilt of tomato plants and showed its effectiveness in mycelial growth inhibition ( 46%), siderophores (hydroxymate type) production, increasing of yield and crop protection (Ramyabharathi and Raguchander, 2014). R.aquatilis is known for its ability to produce IAA and solubilize complex phosphorus as previously reported (Ahemad and Kibret, 2014). Moreover, B. subtilis produced a variety of extracellular enzymes including proteases, amylases and lipase of great importance in industrial processes, such as pharmaceutical, leather, laundry, food and waste processing industries (Schallmey et al., 2004) . B. subtilis strains were also producers of cellulase that is of interest from the biotechnological point of view and in relation to the decomposition of agricultural residues remaining in the field after the crop is harvested (Singh and Hayashi, 1995) et al., 2017) . Sustainable agriculture need exclusively the availability of alternative strategies of protection, and consequently, the development of environment-friendly and food-hygienicallysafe plant-protecting methods based on biological agents has been greatly emphasized (Warrior, 2000) .
CONCLUSION AND PERSPECTIVES
B. subtilis strain 2515-1 appeared to be a promising biocontrol agent against PSS, causal agent of olive knot. Also; this strain could be further exploited both as a biofertilizers and an effective biocontrol agent. Future studies should be focused on the involvement of this strain in field in a nursery naturally contaminated by olive knot disease to assess its effectiveness.
